Abstract: Ultrastructural observations were made of the lesions of three Ecuadorian patients with cutaneous leishmaniasis. Parasites were located both within the macrophages, either inside the intracytoplasmic vacuoles (parasitophorous vacuoles) or free in cytoplasm and outside host cells. Amastigotes were rounded or oval with a mean length of 2.62 ,urn (±0.17 S.D.) and mean width of 2.18 ,urn (±0.28 S.D.). Parasites showed degeneration intracellularly both within the vacuoles and in the cytoplasm of macrophages. Lymphocytes were seen in close contact with parasitized macrophages as well as directly attached to the parasites. Furthermore, spongiotic vesicle was observed in the epidermis where Leishmania parasites were found, surrounded by lymphocytes and other mononuclear cells. Amastigotes attached to mononuclear cells were also observed inside and between the keratinocytes. Mononuclear cells containing melanin granules showed amastigotes in their cytoplasm.
INTRODUCTION

11
Cutaneous leishmaniasis is a tropical disease distributed widely in both the Old and New World. It is a serious dermatological problem, especially in the two continents of Africa and South America. The disease can be classified largely into two forms: an Old W orId form caused mainly by Leishmania tropica complex and aNew World form caused by Leishmania (Viannia) braziliensis and L. (Leishmania) mexicana complexes (Lainson and Shaw, 1987; Pearson and Sousa 1985) . In order to obtain information on the clinical, epidemiological and immunological features of the latter form of the disease in Ecuador we performed detailed investigations at different endemic sites. The results have already been reported by N onaka et al. (1990a, b) and Hashiguchi et al. (1990 Hashiguchi et al. ( , 1991 .
Cutaneous leishmaniasis is prevalent throughout Ecuador and six Leishmania species (L. braziliensis, L. panamensis, L. guyanensis, L. amazonensis, L. mexicana and sp. near L. major) have been recorded from the country to date based on zymodeme, serodeme and schizodeme analysis of samples from humans and animals (Mimori et al., 1989; Hashiguchi et al., 1990 Hashiguchi et al., , 1991 Armijos et al., 1990) . Morphology and ultrastructure are also useful in differentiation of Leishmania species, although less information is available on these methods.
This article reports the results of an ultrastructural study of the cutaneous lesions of Ecuadorian leishmaniasis patients, and is intended to give a better understanding of the morphology and nature of Leishmania parasites in the country.
MATERIALS AND METHODS
Patients:
The Ecuadorian patients with cutaneous leishmaniasis, being of different ages and sex, were diagnosed on the basis of clinical features and history. The clinical and histopathological features of the three patients, i.e., 1-02 (L. guyanensis infection), 1-04 (L. panamensis infection) and 1-25 (Leishmania sp., as yet characterized) were described in a previous articles (Nonaka et al., 1990a, b) . None of these patients had received treatment before biopsies were taken. Processing of biopsy material:
Four-millimeter punch biopsies were taken under local anaesthesia from the edge of ulcers or nodules and fixed in different fixatives. The biopsy material was divided into two parts, one of which was fixed in 10% formalin and then embedded in paraffin. Five-micron sections were cut and stained with haematoxylin-eosin. The other part was cut into small pieces and fixed in cold 2% paraformaldehyde and 2% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4). The tissues were then washed with 0.1 M cacodylate buffer, and post fixed in 2% osmium tetra oxide for 2 hrs. After dehydration in different concentrations of alcohol, the specimens were embedded in Epon 812. One micron semi-thin sections were cut with a glass knife on an LKBultrotome and stained with toluidine blue. Ultra-thin sections were cut with a diamond knife, stained with lead citrate and uranyl acetate, and examined under a JEM 1200 EX electron microscope (lEOL Japan). Leishmania parasite undergoing a degeneration process (dp) in the cytoplasm of eosinophil. One parasite seems to be outside th~ cell. bar=2,um. 
RESULTS
Light microscopic observations:
Along with other minor alterations, an intraepidermal spongiotic vesicle was observed in the epidermis of one (I -25) of the three patients (Fig. 1) . Leishmania parasites and mononuclear cells were observed inside the epidermal vesicle and between the keratinocytes. The dermis showed cellular infiltration with a great number of amastigotes. Electron microscopic observations:
Epidermis:
Leishmania parasites inside the epidermal vesicle were found in ultra -thin sections, where lymphocytes and other mononuclear cells were present near the parasites. Parasites were also observed in and between the keratinocytes, either attached to mononuclear cells that may have been macrophages (Fig. 2) or free in the microvesicle abscesses. A mononu· clear cell containing melanin granules had a Leishmania parasite in its cytoplasm (Fig. 3) . 2. Dermis:
Parasites were found both intracellularly and extracellularly. Amastigotes located in the cytoplasm of macrophages either inside or outside the parasitophorous vacuoles. Parasites in the macrophages were varied from 1 to 14 in number either inside the vacuole or free in the cytoplasm, showed the multiplication of parasites inside the cells. Usually, one parasit· ized vacuole was seen in one macrophage. Many host macrophages were seen activated against the phagocytized parasites. Electron-dense granules were frequently observed in the parasitophorous vacuoles or outside the cell near the parasites. Specific lymphocytes were active in the specimens; some were in close contact with parasitized-macrophages (Fig. 4 ) and some were directly attached to the parasites (Fig. 5 ). Intracellular degeneration of parasites was observed inside the cytoplasm of the macrophages (Fig. 6 ). Degeneration of parasites was also noted inside the vacuole of macro phages that were almost destroyed by infections (Fig. 4) . Parasites were also located in the cytoplasm of the eosinophils (Fig. 7) and neutrophils ( Fig. 8 ) but no cellular vacuoles were seen in these cells. Almost similar changes were noted in the dermis of all three specimens.
Ultrastructure of amastigote:
The amastigotes seen were rounded or oval and of almost uniform size. The mean length was 2.62 pm (± 0.17 S.D.) and the mean width was 2.18 pm (± 0.28 S.D.). The amastigotes were surrounded by two layers of membranes and contained a rounded nucleus with a small nucleolus. The flagellum, flagellar pocket, kinetoplast, vacuoles and electron-dense granules could be distinguished (Fig. 9 ).
DISCUSSION
Various microscopic and histologic changes have been reported in the epidermis of lesions of cutaneous leishmaniasis, whether infected with New World or Old World Leish-mania species (Zaar et at., 1982; Grimaldi et at., 1980) . We observed amastigotes associated with lymphocytes and other mononuclear cells in spongiotic vesicles within the mid-epidermis. Mononuclear cells that may be macrophages, were seen in close contact with amastigotes. The close contact of these antigen-presenting cells with Leishmania suggests their capacity to recognize the parasite and facilitate its destruction. We also noted melanin granules in macro phages infected with more than one amastigote, again within the epidermis. The purpose of these melanin granules is unknown but leukocytes carrying similar bodies have been observed in the blood of healthy humans, reptiles and amphibians (Wasserman, 1965), melanin-containing macrophages are present within the epithelium of certain groups of fish. The histological studies of Kurban et at. (1966) revealed the presence of amastigotes in the prickle cell layer of 3 of 27 human cases, associated with intra-epidermal abscesses. Our findings suggest that, as in Old W orId species, New W orId Leishmania can infect the epidermis, and that keratinocytes appear to play an active part in cellular defence against the parasites.
Amastigote morphology was similar to that described for other Leishmania species, and no marked differences were discerned between biopsy material from patients with L. guyanensis (1-02) and L. panamensis (1-04) infections. We observed small, electron-dense granules and rounded or rod-shaped structures both inside parasitized vacuoles within the host macrophages and outside the cells. A similar finding was reported by Schurr et at. (1987) , who considered that the granules originated either from the macrophage or the amastigotes. We suggest that they arise from the latter, because they occur regularly in the intracellular parasitized areas; their function is however unknown. Other intracellular bodies of undetermined function seen in Leishmania parasites including the lysosomes seen in L. tropica by Lin et at. (1986) , liposomes containing a wax-like material noted by Scorza et at. (1979) in the amastigotes of L. garnhami, and the virus-like particles in L. hertigi were described by Molyneux (1974) . None of these bodies were seen during the present study.
Various theories have been proposed to explain the fate of the parasite within the host cell. It is generally agreed that Leishmania is able to multiply and grow within the macrophage (Berman et at., 1979) , but there have been conflicting opinions about the role of the macrophage in killing the parasite intracellularIy. By electron microscopic examination, Bretana et at. (1983) showed the macrophages are incapable of digesting the parasites. Farah et at. (1975) reported that parasites can only be destroyed on the surface of macrophages but not the inside of the cell. Our studies found the degeneration of parasites within the macrophage both either inside the vacuoles or free in the cytoplasm. This indicates the active role of macrophages in the intracellular destruction of parasites. Similar results have also been presented by the Sandbank (1976) , who showed the degeneration of parasites within the macrophage in human specimens. Moreover, we observed the degeneration of parasites in the macrophage where the host cell was also undergoing degeneration. The degeneration of the host cell may be due to the parasitic load or attack or to some unknown factors of the cell itself. The conditions and mechanism of the intracellular destruction of parasites were not elucidated in the present study.
Lymphocytes were seen to be in close contact with parasitized macrophages. This macrophage-lymphocyte combination represents the cooperation of two cells against the parasites. Here the function of lymphocytes can be assumed to be: (1) to recognize the parasitized macrophage that may finally result in the destruction of host macrophage and thereby liberate the parasite (Schurr et ai., 1987); (2) to help the macrophage kill the invading Leishmania (Mauel et ai., 1978) , as shown in our results. On the basis of immunocytochemical and electron microscopic studies in animals, it has been suggested that Tcells provide lymphokines that can activate the host macrophage to destroy the parasites intracellularly or that T -cells play a cytotoxic role, killing the infected macrophages and helping to destroy the liberated extracellular parasites (McElrath et ai., 1987) . Interestingly, mononuclear cells which were morphologically determined as lymphocytes, were attached to parasites, showing their capacity to attack the parasites directly, although, exact function and mechanism remain unknown. Lymphocytes attached to parasitized macrophages may be cytotoxic T -cells. During the present study degeneration of amastigotes was seen within host cells subjected to attack by the immune system, and from this finding we conclude that the parasites may be destroyed by the macrophage they have invaded, although the destruction mechanisms are unknown. Observation of amastigotes inside the cytoplasm of eosinophils and neutrophils suggest that they are phagocytized by these cells. Amastigotes have also been reported in the eosinophils of laboratory-infected BALB/c mice (Barral-Netto et ai., McElrath et ai., 1987) .
Based on our findings in the present study, we suggest that macrophage serves to destroy the parasite intracellularly, and that lymphocytes (probably cytotoxic T-cells) have a major role in the immune response to Leishmania infection.
